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Introduction

Early in the pandemic we identified sex-disaggregated
data for COVID-19 in several Countries, showing simi-
lar numbers of cases between the sexes, but more severe
outcomes in men than women.' Case fatality was high-
est among middle aged men with pre-existing cardio-
vascular conditions. Since the course of the disease is
modulated by potential sex-specific mechanisms, we
discussed the hormone-regulated expression of genes
encoding for the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV2) entry receptors angiotensin con-
verting enzyme (ACE)-2 receptor and transmembrane
serine protease 2 (TMPRSS2), as well as the sex hor-
mone-driven innate and adaptive immune responses.
The impact on COVID-19 of gender-specific lifestyles,
health behaviors, psychological stress and socioeco-
nomic conditions was also discussed, as well as the sex-
specific aspects of the antiviral therapies.

Interaction between COVID and cardiovascular
disease (CVD): epidemiological and
observational data

The Nimgaonkar group used an innovative approach to
analyze the interaction between CVD and COVID. They
used large data sets from different European Countries
(France, Germany, Italy, Spain and the Netherlands) and
the US. Then they analyzed the mortality rates from car-
diovascular disease, cancer and COVID. They found that
the mortality rates from CVD and COVID share similar
patterns across the adult life course whereas those from
cancer are different.”

Similar mechanisms in COVID and cardiovascular
disease could offer an explanation for this phenomenon,
and the effect of sex hormones as a biological factor
underlying both phenomena should be analyzed.

Yet another large study pointed out that age was the
most significant risk factor for COVID in both sexes, and
that hypertension or CVD alone was not significant,
while diabetes was.® In a large meta-analysis - which
included 26 studies with 8,497 patients - sex had a
relatively weak but significant effect, whereas CAD, hy-
pertension, cerebrovascular diseases and diabetes mel-

litus had stronger effects.* Thus, the interaction between
age, cardiovascular disease and metabolic disorders, like
diabetes, is particularly predictive of COVID. This led us
to analyze the role of a physiological mechanisms that
is predominant in all these inflammatory conditions.

Sex differences in myocarditis and cardiovascular
inflammation

Inflammation plays a major role in cardiovascular aging
and in metabolic disorders. Moreover, NAD+-dependent
deacetylases, or sirtuins - a group of enzymes that regu-
late mitochondrial biogenesis and inflammation - are
regulated by sex or sex hormones. In earlier studies we
analyzed the age- and sex-related alterations of cardiac
Sirtl and Sirt3 along with mitochondrial biogenesis,
anti-oxidative defense and inflammatory state in young
(<40 years) and old (>51 years) human hearts.> We
found a significantly higher expression of Sirt1 and Sirt3
in the young female hearts versus male. The levels of
sirtuins anti-oxidative proteins were higher in the young
female hearts versus male, but were down-regulated in
older females. Aging was associated with a significant
increase in the number of cardiac macrophages and pro-
inflammatory cytokines, as well as NF-kB up-regulation
in female hearts, indicating a pro-inflammatory shift in
the aging female hearts. In conclusion, a higher expres-
sion of anti-inflammatory sirtuins in the young female
heart could protect younger women from COVID-19,
and the up-regulation of the inflammatory mechanisms
in old age - together with a decline in the mitochon-
drial anti-oxidative defense - could contribute to an
interaction between COVID and age, as well as to an
interaction between CVD and age in both sexes.
Fairweather et al. have already proposed the pivotal
role of sex hormones in the sex-related differences in car-
diac inflammation.® While in females estrogens have
cardio-protective properties, characterized by reduced car-
diomyocyte apoptosis, counteracting fibrosis and hyper-
trophy-inducing cellular pathways, testosterone increased
cardiac inflammation in a myocarditis mice model, and
promoted the M1 response of macrophages in males.”!?
In contrast with the protective effect of female sex or
sex hormones, testosterone is responsible for adverse
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cardiac inflammatory remodeling in males.’*'* The im-
pact of testosterone replacement therapy on the cardio-
vascular risk has been analyzed by a number of studies,
anticipating that it might be protective, however most
studies showed that this was not the case. Testosterone
enhanced the cumulative number of cardiovascular
events in clinical trials. It also enhanced arteriosclerotic
plaque formation, platelet aggregability, myocyte hyper-
trophy, and inflammation."

Putting all these data together, we conclude that the
differences in the cardiovascular immune system and its
interaction with testosterone may lead to and increased
susceptibility to COVID in men.

Non immunological mechanisms for sex- and age-
dependent differences in COVID-19

The sex-, age- and disease-dependent regulation of ACE,
AT1 and AT2 has been well described.'®!'” We did a pro-
teomic analysis to test the potential up-regulation of
ACE2, the potential entry receptor for COVID-19 into
cardiomyocytes in healthy and diseased human hearts in
41 patients with severe aortic stenosis (AS), in 17 patients
with severe mitral valve regurgitation (MR) and in 17
controls.'® All patients had cardiac hypertrophy, but nor-
mal left ventricular ejection fraction. Myocardial samples
were obtained from the left ventricular septum during
valve surgery. Protein abundances were determined by
label-free shot-gun mass spectrometry on a Thermo Or-
bitrap instrument and analyzed by MaxQuant with 1%
false discovery rate (FDR). ACE2 protein abundance and
mRNA expression in human hearts increased with pres-
sure, but not with volume-overload. ACE2 abundance
increased in the whole group in males and in females,
but the fold change in males was twice that in females.
Unfortunately, the ACE2 myocardial protein analysis was
not powered to detect sex differences, and the difference
between males and females did not reach statistical sig-
nificance. However, based on this data, a contribution of
greater myocardial RAAS activation in males to a greater
cardiac damage in COVID cannot be excluded.

Gender-dependent mechanisms

In addition to biological sex, gender plays a major role
in COVID. In general, men do have a more risk-related
behavior than women, and frequently do not agree to
wear a mask."” Furthermore, women's working condi-
tions are frequently poorer than men'’s; they frequently
work more precarious jobs, or jobs with caring duties,
and they take charge of unpaid caring duties within their
family. Thus, they are more frequently in contact with
other people and cannot just practice smart working.
This was particularly evident from the numbers in Swit-
zerland. Before the lockdown, equal numbers of wom-

en and men were diagnosed with COVID (49.5% vs
50.5%), but after the lockdown men were only 45% of
the overall positive population.?

Women are underrepresented also in cardiovascular
prevention. Their cardiovascular risk factors - which are
also the risk factors for COVID - are treated less inten-
sively than men’s.”??> Gender-related under treatment
of cardiovascular risk factors may also increase the risk
of COVID in women.

Further similarities between COVID and CVD: the
lack of sex-specific reporting

Cardiovascular studies frequently do not report out-
comes in a sex-specific manner, even though this is
clearly indicated by the SAGER (Sex And Gender Equity
in Research) guidelines.

The low-dose colchicine (LoDoCo2) trial and the
colchicine cardiovascular outcomes trial (COLCOT)*
confirmed the efficiency and safety of low-dose colchi-
cine after myocardial infarction, as well as in patients
with chronic coronary artery disease. Both were limited
by the low number of women enrolled, who accounted
for only 15 or 19% of the study population. In both
studies, hazard ratios for the primary efficacy endpoints
were significant in the overall population and in men,
but not in women. This was simply stated in the supple-
mentary annex, without any further discussion. Adverse
effects were not disaggregated for sex. This is a very recent
example of under-recognition and under-reporting of
sex-specific effects in the cardiovascular literature.?*
Moreover, adverse drug reactions to cardiovascular me-
dicinal products are frequently not reported in a sex-
specific manner. Less than 12% of the studies report the
sex-specific adverse effects of heart failure drugs.?”

The same is true for COVID. In COVID studies, con-
sideration for SAGER (Sex And Gender Equity in Re-
search) guidelines is generally lacking. In a systematic
meta-analysis, only 0 to 4% of the observational studies
and 0 out of 17 interventional COVID-19 studies in-
cluded sex-specific analysis in their introduction, meth-
ods and discussion section.?® With regard to the inclu-
sion of patients of both genders, vaccination studies did
better: 80% of them included more than 45% of the
smaller sex group, women or men. In the clinical treat-
ment trials and in the observational studies this was not
the case: 75% of the studies included over 55% of men.
The fact that with COVID vaccination 90% of the al-
lergic reactions occurred in women was not published
in high-impact or large distribution journals.?’

In summary, sex-specific reporting is equally poor in
CVD and COVID; differences in the cardiovascular im-
mune system may lead to an increased susceptibility to
COVID in men, and a greater myocardial RAAS activa-
tion in males may contribute to a larger cardiac damage
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in men with COVID. In contrast, gender related exposure
in women together with undertreatment of cardiovas-
cular risk factors may increase the risk in women.
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